INTRODUCTION
Selection for functional traits has been gaining more attention in the last decade (Kadarmideen, 2004; Miglior et al., 2005; Weigel, 2006) . Few countries perform genetic evaluations for health traits using direct disease information, and many countries perform genetic evaluations on fertility traits (Interbull, 2011) . However, health and fertility traits tend to be lowly heritable (Wall et al., 2003; Neuenschwander, 2010) . Lowly heritable traits require data collection on many daughters for reliable estimates of bull breeding values (Shook, 1989; Hoekstra et al., 1994) , making it expensive to prove a bull. Health and fertility traits are often difficult to measure (Dal Zotto et al., 2007; Bastin et al., 2010) , and can be susceptible to data quality issues due to improper recording (Kadarmideen and Coffey, 2001; Neuenschwander, 2010) , or variations in trait definitions among producers (Neuenschwander, 2010) . Indicator traits may be of benefit if they are more heritable, easier to record, and are strongly genetically correlated with health and fertility traits (Berry et al., 2003a) . Body condition score [a subjective measure of the amount of metabolizable energy stored on a live animal (Edmonson et al., 1989)] could be an indicator trait for health and fertility, and has been shown by several studies to have a moderate heritability (Jones et al., 1999; Koenen et al., 2001; Berry et al., 2002; Loker et al., 2011a,b) . Edmonson et al. (1989) outlined how BCS can be quickly and easily recorded using visual cues on freely moving dairy cattle with very little inter-assessor variability, and no significant cow assessor interaction. Several studies reported moderate to strong genetic correlations between BCS and various health (Dechow et al., 2004b; Neuenschwander, 2010; Koeck et al., 2011) and reproduction traits (Pryce et al., 2001; Banos and Coffey, 2010; Bastin et al., 2010a,b) .
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MATERIALS AND METHODS
Body condition scores from 2001 to 2010 were available, collected from Québec herds by
Valacta. A range of 1 to 14 BCS records were collected per cow (average of 2.5). Body condition score, angularity (ANG), chest width (CW), height at front end (HFE), body depth (BD), pin width (PW), and stature (STA) records from Holstein Canada were available from 2005 to 2010 (classification rounds 72 to 79). Those type traits were chosen to analyze with BCS because they are body traits related to cow size, and other literature has found moderate genetic connections between body traits and BCS (Veerkamp and Brotherstone, 1997) . Based on the methodology of Edmonson et al. (1989) , both BCS traits were recorded on a scale from 1 (thin) to 5 (fat) (with increments of 0.25). Angularity was taken on a scale from 1 (non-angular, close ribs) to 9 (very angular, open ribbed). Chest width was taken on a scale from 1 (narrow) to 9 (wide). Height at front end was taken on a scale from 1 (low) to 9 (high). Body depth was taken on a scale from 1 (shallow) to 9 (deep). Angularity, CW, HFE, and BD were taken with unit increments. Pin-width and STA were measured traits recorded in cm.
Complete pedigree records were provided by Canadian Dairy Network (Guelph, ON, Canada). Only first lactation data were used for the analysis. Animals that appeared in more than one herd, or that possessed more than one first lactation calving date were removed (as this data was considered faulty). In order to remove herds for which BCS was not recorded reliably, herds had to have a BCS standard deviation of ≥ 0.25. Records were restricted to those taken between 5 and 305 days in milk (DIM). Age at calving was restricted to 19 to 40 mo.
Edits specific to Valacta data:
Valacta BCS records in classes of herd × scoring-date (HSD) with < 5 records were deleted. In accordance with the distribution of the Valacta data, 4 age at calving classes were formed (≤ 24, 25-26, 27-28 , and ≥ 29 mo) and 5 year of calving classes were formed (1997-2003, 2004-2005, 2006-2007, 2008, 2009-2010) . Four seasons of calving (January-March, AprilJune, July-September, October-December) were defined. These were used to form age × yr × season (AYS) of calving classes, and herd × calving yr classes (HY).
Edits specific to Holstein Canada data:
Reclassification records were removed, so there was a single record available per animal. Each classifier's first round of BCS was removed because BCS was assumed to be recorded less accurately, as they were still in training to classify this new trait. In accordance with the 4 distribution of the data, 9 age at calving classes were formed (≤ 23, 24, 25, 26, 27, 28, 29-30, 31-32 , and ≥ 33 mo), and 10 stages of lactation classes were created, with a class for each month of lactation, and months ≥ 10 grouped together; these were used to form age at calving × stage of lactation (AST) classes. Herd × classification round (HR), and herd × round × classifier (HRC) classes were formed. Herd × round classes with ≥ 5 records were kept, and herds were required to have records in ≥ 6 of the 9 possible classification rounds (rounds 72-80) .
The models used to analyze the data are described below: β was the vector of fixed HSD effects, and of fixed regression coefficients for AYS effects, h 1 was the vector of random regression coefficients for HY effects, a was the vector of random regression coefficients for additive genetic effects, p was the vector of random regression coefficients for permanent environmental (PE) effects.
For Holstein Canada's BCS and other body traits:
β was the vector of fixed AST and HR effects, h 2 was the vector for the random HRC effects a was the vector random additive genetic effects p was the vector of random environmental effects, accounting for common, non-genetic, animal specific environmental effects in common between Valacta's BCS and Holstein Canada's traits.
For all traits, e was a vector of random residuals. X, Z 1 , Z 2 , Z 3 , and Z 4 were incidence matrices assigning observations to effects.
Legendre polynomials of the second order were used to describe regression curves. As in Negussie et al. (2008) and Bastin et al. (2010a) , within animal environmental covariance among traits was modeled by the PE effect. This effect allowed for a cow specific, non-genetic link between the traits of the two data sets. Additionally, residual covariances between Valacta's BCS 5 and the other traits were set to zero because the traits of the two data sets were recorded from two separate systems, and any residuals were assumed to be independent.
Expectations and covariance structure for the random effects were:
where ⊗ is the Kronecker product (Searle, 1982) , I represents an identity matrix, A is the additive relationship matrix, Q 0 is a (co)variance matrix for HY regression coefficients, T 0 is a (co)variance matrix for HRC random effects, and P 0 and G 0 are (co)variance matrices for PE and additive genetic regression coefficients, respectively. Matrix E is a block-diagonal residual (co)variance matrix. Residual co-variances were assumed to be heterogeneous in 3 intervals of DIM (5 to 45, 46 to 115, 116 to 305 DIM). Within a given DIM interval, residual covariances between Valacta's BCS and other traits were set to zero, while those among Holstein Canada's traits were allowed to differ from zero. All covariances among traits between different DIM intervals were assumed to be zero. All random effects were assumed to be normally distributed. 
Holstein Canada BCS and other type traits:
Because there were a large number of Holstein Canada type traits available, and analyzing all available type traits simultaneously with Valacta's BCS using a random regression animal (the VAL+HC) model would be computationally difficult and time consuming, first a simple analysis using the HC all model was performed to determine which type traits were the most strongly genetically correlated with Holstein Canada's BCS. The remaining Holstein Canada traits (including BCS) were then included in the analysis with Valacta's BCS for estimation of variance components and estimation of breeding values. After edits of the Holstein 6 Canada data set, 788 herds were left, leaving data available on 80,501 cows. A random selection of 497 complete herds was taken. There were 49,900 cows with data, and 253,047 animals in the pedigree. There were 2,923 sires with an average of 17 daughters per sire. There was an average of 100 cows per herd. The analysis was performed using DMU software (Madsen and Jensen, 2008 ) by a Bayesian approach via Gibbs sampling. Prior values were set arbitrarily to 0.03 for variances and 0 for covariances. Posterior means of (co)variance components were estimated using 80,000 samples after a burn-in of 20,000 samples. The convergence of Gibbs samples was monitored by visual inspection of the plot of realizations for selected covariance components.
Variance component estimation for Valacta and Holstein Canada traits:
For the VAL+HC model, Valacta and Holstein Canada data sets were merged by animal and observation date. Before merging, herds that did not possess records in both Valacta and Holstein Canada data sets were removed. Specifically, herds had to have a minimum of 50 animals, with 60% of the animals having records in both data sets. This left 99 acceptable herds.
There were 6,981 cows with Valacta BCS records (average of 2.5 records per cow), 6,965 cows with a Holstein Canada BCS record, and 7,927 cows with a record for each of the other type traits. 5,869 animals had records in both Valacta and Holstein Canada data sets. There were 1,202 sires that had daughters with Valacta BCS records, and 1,229 sires that had daughters Holstein Canada records. There were 1,035 sires that had daughters in both data sets.
Using the type traits found to be strongly genetically correlated with BCS, the HC all model was applied. After edits 100 complete herds with ≥ 50 animals were randomly selected.
This left 8,906 cows classified for BCS, and other type traits, and 1,380 cows that were only classified for type traits other than BCS.
For the HC bcs model, after edits 100 complete herds with ≥ 50 animals were randomly selected. This left 10,333 cows classified for BCS.
Variance components were estimated using DMU software (Madsen and Jensen, 2008) by a Bayesian approach via Gibbs sampling. Prior values were set arbitrarily to 0.03 for variances and 0 for covariances. Posterior means of (co)variance components were estimated using 80,000 samples after a burn-in of 20,000 samples. The convergence of Gibbs samples was monitored by visual inspection of the plot of realizations for selected covariance components.
Heritability was defined as the ratio of additive genetic variance to phenotypic variance. For the VAL+HC model, daily heritability was defined as the ratio of additive genetic variance 7 to phenotypic variance on a given DIM. Average daily heritability and genetic and PE correlations were obtained by summing daily heritabilities, or genetic or PE correlations from 5 to 305 DIM and dividing by 301. All heritabilities, genetic correlations, and PE correlations will be presented with posterior standard deviations in parentheses.
Estimating breeding values
Variance components estimated from the Gibbs procedure described above were applied to the VAL+HC, HC all , and HC bcs models. DMU software was used to obtain BLUP solutions.
VAL+HC model. Three breeding values for Valacta's BCS were estimated per animal, one for each Legendre polynomial covariate (including the intercept).
Five methods for calculating an overall Valacta BCS EBV were compared.
1) Area under the curve EBV (AUC):
For each animal, the 3 Valacta BCS EBV were used to calculate a genetic BCS curve, and the area below the curve but within the limit of the minimum BCS value of the curve was calculated. Greater values would be calculated for animals that experience large fluctuations in their genetic BCS curve, which would be considered unfavorable. Lower values (which in this case would be more favorable) would be calculated for animals with a steady BCS, that genetically lose less BCS in early lactation and gain BCS back again by late lactation.
Theoretically, animals with no change in BCS from beginning to end of lactation would be favored, as their "curve" would be a straight line with no slope.
2) Intercept EBV (INT):
Alternatively, the height of each animal's BCS curve (i.e. the intercept EBV) is another option for ranking and selecting animals. Other studies have found that, genetically, a greater BCS level is associated with improved health and fertility (Dechow et al., 2004b; Pryce et al., 2000; Koeck et al., 2011) . Roche et al. (2007) determined that the optimal calving BCS for increased milk production was 3.5 (in a 5-point scale). A calving BCS above or below that point would be related to a greater risk of health and fertility problems, and to an associated decline in production. The average Canadian Holstein BCS at calving is about 2.9 (in a 5-point scale) for parity 1 cows. Thus, selection for greater overall BCS might be beneficial to the population.
3) AUC -INT:
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The AUC and intercept values were standardized. The intercept term was subtracted from the AUC value. A lower value is more favorable as it represents an animal with less change in its genetic BCS curve, with a greater overall genetic BCS curve height. Equal weighting was placed on both AUC and INT.
4) AUC -INT:
This method of calculating an EBV is as described in 3), but with a weighting of on AUC and a weighting of on INT.
5) AUC -INT:
Sire BCS EBV calculated via the various models and methods described above were compared using the SAS correlation procedure. For all models and methods used to calculate BCS EBV, sires with 25 daughters with BCS records were ranked, and the top 10 best and worst sires were compared. Specifically, average daughter Valacta BCS for every 30 DIM interval (5-30, 31-60, etc., to 301-335 DIM) were determined for the top 10 best and worst sires.
These daughter averages were plotted and fitted with third order polynomial trend lines for easy visual comparison. Additionally, for comparison of some of the methods of calculating Valacta BCS EBV, average sire genetic BCS curves for the top 10 best and worst sires were calculated.
The average population phenotypic Valacta BCS curve was added to these genetic curves and the resulting curve was plotted.
RESULTS AND DISCUSSION
Holstein Canada BCS and Other Body Traits
Estimates of heritabilities, genetic correlations and phenotypic correlations among Holstein Canada traits are in Table 1 . All posterior standard deviations were low. Huapaya and Kistemaker (2011) Direction and strength of relationships between traits were comparable to the literature. Similar to the current study, Veerkamp and Brotherstone (1997) and Berry et al. (2004) discovered that, out of several type traits analyzed, the two traits with the strongest genetic association with BCS were ANG and CW. Veerkamp and Brotherstone (1997) found that the genetic correlation of ANG and CW with BCS was -0.77 and 0.73, respectively, for multiparous cows. Berry et al. (2004) found that the genetic correlation of ANG and CW with BCS was -0.84 and 0.77, respectively, for primiparous cows. Dechow et al (2004a) found a genetic correlation of -0.73 and a phenotypic correlation of -0.45 between BCS and dairy form (a trait similar to ANG), which were similar to correlations between BCS and ANG in this study. Phenotypic correlations in Berry et al. (2004) were negative between BCS and ANG (-0.61) and positive between BCS and CW (0.58), which were stronger than the current study, though in the same direction. While both ANG and CW were strongly genetically correlated with BCS (-0.70 (0.04) and 0.72 (0.04), respectively) (Table 1), they were not strongly genetically correlated with each other (-0.16 (0.06)), which suggests that both traits possess genes in common with BCS that are independent of one another, such that both could be used as helpful predictors of BCS. For the remainder of the study, the only Holstein Canada type traits used were BCS, ANG, and CW.
Variance Component Estimation for Valacta and Holstein Canada Traits
VAL+HC model. Regarding Valacta's BCS, all results for daily heritability, and daily genetic, PE, HY, and residual variances were similar to those estimated by Loker et al. (2011a) . Table 2 displays There were strong genetic correlations between Holstein Canada's BCS, and ANG and CW (Table 2 ). Valacta's BCS was also strongly genetically correlated with ANG and CW, though not as strongly, which is because the two BCS do not possess a genetic correlation of 1 (Table 2) . Because both systems (Valacta and Holstein Canada) follow the Edmonson (1989) method of scoring body condition, the lack of unity between the two BCS traits in this study might be due to the subjectivity of the recording procedure, differences in training, and differences in recording practices. Regardless, the two BCS traits were strongly genetically correlated. Figure 1 shows that the genetic correlations between Valacta's BCS and Holstein Canada's body traits were fairly constant throughout lactation. These correlations are consistent with other research linking cows with lower BCS to increased angularity and narrower chests (Berry et al., 2004) , and this genetic frailty has been linked with poor health and fertility (Royal et al., 2002; Berry et al., 2004) . respectively, the daughters of the 10 best sires started and ended the lactation with a higher BCS than the daughters of the 10 worst sires, and lost less condition in early lactation ( Figure 5 ).
When EBV were calculated by combining AUC and INT with a weighting of and , respectively, daughter BCS curves (displayed in Figure 6 ) showed a greater difference in height than was seen in Figure 5 . When Holstein Canada BCS EBV were calculated using the HC all model, daughters of the 10 best sires (sires with greater BCS EBV) started and ended the lactation with a higher BCS than daughters of the 10 worst sires, and lost less tissue reserves in early lactation (Figure 7) . A similar pattern was seen in daughters of sires ranked for BCS EBV calculated via the HC bcs model (Figure 8 ).
Correlations of sire BCS EBV from each of the 5 methods used for calculating Valacta BCS EBV and from the HC all and HC bcs models used to calculate Holstein Canada BCS EBV are displayed in Table 3 Figure 1 . Estimates of genetic correlations between Valacta's body condition score (BCS1) and Holstein Canada's body condition score (BCS2), angularity (ANG), and chest width (CW) across days in milk
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Figure 2. Average daughter phenotypic BCS curves for the top 10 best and worst bulls for Valacta BCS EBV calculated using the AUC method 
MATERIAL AND METHODS
Genetic evaluations parallel to December 2011 were for these three traits for all breeds. This report focuses only on Holstein results. Genetic evaluation model is the same as the official animal model for all conformation traits. Heritabilities as estimated by Huapaya and Kistemaker (2012) were used: 0.24. 0.18 and 0.05 for body condition score, thurl placement and locomotion, respectively. EBV correlations with routinely evaluated traits at CDN were computed for bulls with at least 10 daughters for each trait-pair. Bulls genetic trends for year of birth with at least 100 bull per year were plotted.
RESULTS
Better conditioned animals were correlated with improved fertility and longevity, but also with lower production. Animals with ahead thurl placement (higher score) were correlated with improved overall rump, better calving ease and longevity. More mobile animals were positively correlated with feet and legs traits and improved longevity. Genetic trends show a nearly flat trend for body condition score, and an increasing trend for thurl placement and body condition score. The December 2012 Top 100 LPI list included at least 96 bulls with at least 50 daughters for BCS and 90 bulls with at least 50 daughters for thurl placement. However, only 33 bulls in the top 100 LPI list had a least 50 daughters for locomotion. 
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